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Abstract
Recent survey by KPMG specifies that there is a requirement of 11 crore housing units to be built by 2022 in India. This leads to 
adoption of innovative technologies which have to be looked upon from the point of affordability as well as sustainability. As the 
Indian housing value chain is very complex, a plethora of factors and issues need to be addressed in this regard. Emerging 
technologies for building up the housing requirement are to be selected based on number of attributes. A scientific, holistic and 
transparent evaluation framework is not available to decide the appropriate technology. This paper highlights the evaluation 
framework consisting of mandatory attributes and preferred attributes, based on which the emerging housing technologies are 
selected for adoption.  This framework is analyzed for two case studies to check the applicability.
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1. Introduction
In the recent years, enormous advancement of construction technology, from traditional site-based methods to a 
“more dynamic combination of methods” [1], has given new possibilities for residential construction. As per Berge’ 
2009, a large number of innovative alternate building materials and low cost construction techniques have been 
developed through intensive research and development efforts during last four decades.  The evidence of such an 
evolution of global housing-construction philosophy can be seen in the increasing growth of prefabricated house 
building in Japan [2]; off-site fabricated housing in Germany [3]; industrialized building in Malaysia [4]; off-site 
manufacture in Australia [5] and prefabricated high-rise structures in Hong Kong [6] [7].
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Coming to India, a large population base, rising income level and rapid urbanization has made housing industry a 
booming sector Indian Economy. According to the Ministry of Housing and Urban Poverty Alleviation (MHUPA) 
in 2012 “there were 18.78 million units housing units short in urban India; nearly 95% of this shortfall was in the 
economically weaker sections (EWS) and low income group (LIG) housing”. To meet the huge demand of 
affordable and sustainable housing, the sector must use these technologies. But selection of the most appropriate one 
among these emerging technologies is a complex process and depends upon many factors like cost and time 
certainty, speed of construction, energy efficiency, effectiveness in the use of materials, design flexibility, future 
maintenance requirements and performance throughout the housing life-cycle, customer satisfaction and acceptance, 
compliance with building regulation etc. It becomes difficult to make a decision considering so many qualitative and 
quantitative factors in tandem. Also, a decision maker’s preference needs to be taken into consideration while 
assessing these materials, for instance, low cost of a material may be most preferred by a person but may not be by 
another. Apart from this there are challenges like deficiency of local knowledge about appropriate housing design 
and current construction practices, non-availability of specialized training to apprise the selection of housing 
technology, imported housing technologies and materials consume high energy for better conditions, causing cost 
overrun and imbalance in environment. Repair and maintenance works disturb the quality of the habitat and damage 
the architectural integrity, building materials and skilled labour are in short supply, leading to inflated prices. Thus 
there arises a need for the development of a standard framework considering all the attributes which will aid the 
practitioners in decision making regarding emerging technologies of housing construction.
Objective: The goal of this research is to develop a multi-criteria evaluation framework for the emerging systems 
and technologies of residential construction. In order to accomplish the afore-said goal following research objectives 
have been set:
x Identification and understanding of the issues and attributes of the emerging housing systems and technologies 
that affect, both positively and negatively, decisions to utilize them in residential construction
x Selection of appropriate decision making tool capable of processing both qualitative and quantitative information 
on the emerging housing systems and technologies to be evaluated
x Design of the evaluation framework for emerging housing systems and technologies based on the information 
and knowledge acquired in the previous steps
2. Research Methodology
The development of the holistic evaluation framework proposed in this research will be multi-step process. These 
steps are as follows:
x Identification of attributes for the emerging housing systems and technologies under consideration:
Different attributes pertaining to emerging housing systems and technologies are identified in this context and 
ensured that all the parameters are listed in a systematic way for building evaluation framework. All the 
identified attributes are broadly classified into two categories, namely “Mandatory Attributes” and  “Preferred &
Desired Attributes” which are then further classified into secondary and tertiary attributes
x Definition and criteria for the identified attributes: All primary, secondary and tertiary level attributes are 
defined along with their respective evaluation criteria.
x Review of the attributes by the Technical Advisory Group (TAG): Attributes along with definitions identified 
in the above step are presented to the TAG for review and finalization. All the improvements, additions, and 
revisions suggested by the TAG are incorporated in the list of attributes. 
x Collection of expert opinions: Attributes reviewed by the TAG are then presented to industry-experts with more 
than 20 years of experience in housing sector, for their comments. 
x Finalization of Attributes: The final attribute list in finalized after incorporating the improvements and 
modifications suggested by the experts.
x Development of Evaluation Frameworks: It is essential for any housing technology to fulfil each and every 
selection criteria enlisted under “Mandatory Attributes”, so in the process of decision making all the mandatory 
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attributes have equal weightage. However, for the “Preferred & Desired Attributes”, even if a technology fails on 
any particular attribute, it is possible that on an overall basis the technology may deemed to be acceptable. So two 
separate frameworks are developed. To rationalize the process of evaluation on preferred & desired attributes, it 
was crucial to determine the level of preference that should be given to each attribute enlisted under this category. 
In this research the relative weightage of preferred and desired attribute is determined by pairwise comparison of 
the attributes based on feed-back obtained from TAG. Analytical hierarchy process is used to calculate the 
relative weights of the attributes and then to calculate Technology Preference Index based on the calculated 
relative weights of the attributes.
3. Presentation of Attributes
Attributes are presented in three level vertical classification systems: Primary level, Secondary level and Tertiary 
level. In the primary level attributes are broadly classified into two heads: (i) Mandatory Attributes and (ii) Preferred 
& Desired attributes. Building systems and housing technologies are primarily evaluated for all mandatory 
attributes. If the adopted or emerging technology successfully adheres to all the parameters and criteria given in the 
mandatory attributes, then the technology shall be further evaluated with preferred and desired attributes for 
implementation and promotion to suit end user requirements (See Figure 1). So, while the mandatory attributes 
provide information regarding whether a system can or cannot be used housing construction under Indian 
conditions, the preferred & desired attributes gives information regarding the level of recommendation for 
implementation of the attribute for affordable and mass housing sector.
Figure 1: Evaluation of Emerging Housing Technologies on Primary Level Attributes
Each primary level attribute is divided into secondary level attributes to depict the broad aspects of evaluation 
under that primary attribute. And each secondary attribute, in turn, is divided into tertiary level attributes to capture 
the major factors under that secondary attribute which governs the selection of a particular housing technology. A 
detailed classification of attributes is given in Table 1. 
3.1. Mandatory Attributes for evaluating Housing Construction Technologies
“Mandatory Attributes” are classified into two secondary level attributes: (i) Strength and Stability Requirement 
and (ii) Performance & Statutory Compliance. The attribute “Strength & Stability Requirement” talks about the 
stability of the system in terms of joint performance etc. and capability of a system to with-stand the various vertical 
and lateral design loads calculates as per IS Standards while “Performance and Statutory Compliance” describes the 
overall performance of a particular system (especially in terms of fire resistance) as well as the compatibility of the 
system with Indian statutory provisions and local building byelaws.  
Mandatory 
Attributes
Preferred & 
Desired 
Attributes
Emerging 
Housing 
Technologies
Accepted 
Technologies
Accepted 
Technologies
Rejected TechnologiesRejected Technologies
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3.2. Preferred & Desired Attributes for evaluating Housing Construction Technologies
The “Preferred and Desired Attributes” broadly describe the efficacy of a particular system when implemented 
for a specific project-type under the prevailing local conditions and other constraints. They are broadly classified 
under six secondary level attributes: (i) Functional Requirement (ii) Constructability (iii) Economic Viability (iv)
Maintenance (v) Sustainability and (vi) Finish Quality. 
Table 1: Attribute Matrix for Evaluating Emerging Housing Technologies
Attributes for Evaluation of Emerging Housing Technologies
Primary 
Attribute Mandatory Attribute Preferred & Desired Attributes
Secondary 
Attribute
Strength & 
Stability 
Requirement
Performance 
& Statutory 
Compliance
Functional 
Requirements Constructability
Economic 
Viability Maintenance
Sustain-
ability
Finish 
Quality
Tertiary 
Attributes
Stability 
Against 
Vertical 
Loads
Fire 
Resistance
Design 
Flexibility
Simplicity in 
Execution & 
Versatility
Initial Cost Maintenance Cost
Eco-
friend-
liness
Internal 
Finish 
Quality
Stability 
Against 
Lateral 
Forces
Violation of 
Statutory 
Provisions
Restriction on 
Number of 
Floors
Design 
Compatibility
Speed of 
Construction
Frequency of 
Maintenance
Em-
bodied 
Energy
External 
Finish 
Quality
Performance 
of Joints
Service Life/ 
Durability
Foundation 
Type
Economies of 
Scale
Type of 
Maintenance
Thermal 
Comfort Skilled Labour Lead Time
Ease of 
Maintenance
Acoustic 
Performance Equipment
Efficiency of 
Design
End-user-
friendliness
Temporary 
Service 
Requirement
Supply Chain 
Reliability
Weather 
Resistance
Construction 
Safety
Technology 
Transfer 
Possibility
Water-
Tightness
The attribute “Functional Requirement” takes into account the compatibility of a housing system with the 
generally accepted functional requirements of building project like durability, end-user-friendliness, thermal 
comfort, acoustic comfort or sound proofing, design flexibility offered by the system in during and post construction 
phase, suitability for different climatic conditions, water-tightness etc. “Constructability” defines the extent to which 
a building design with a chosen technology provides for ease of construction while meeting the overall requirements 
of the building. “Constructability” includes tertiary level attributes like simplicity in construction & versatility, 
requirement for equipment and skilled laborers, requirement for temporary structures & facilities, compatibility with 
different types of architectural designs, construction-safety and level of hazards involved in the implementation of 
the system etc. “Economic Viability” describes the economic competitiveness in the present market conditions and 
337 VPS Nihar Nanyam et al. /  Procedia Engineering  123 ( 2015 )  333 – 341 
business environment. Apart from the initial implementation cost of the system, this attribute takes into account 
other factors associated with the financial feasibility of implementing a technology, like speed of construction, 
efficiency of design, economies of scale, supply chain reliability in terms of authenticity and availability of 
technology providers, lead time for procuring the system and also the possibility of mass-producing the adopted 
technology in India using locally available resources. The attribute “Maintenance” caters for the lifecycle cost of a 
particular system, as well as the expected frequency and type of maintenance required over the service life of a 
particular system. Given the fact that in India there is a general unavailability of skilled workforce this attribute also 
includes the level of difficulty associated with regular-maintenance work for a system in terms of availability of 
workmen, tools, technologies and material needed for the maintenance work. With view to encourage the 
sustainable construction practices the new and emerging technologies should also be evaluated from the aspect of 
sustainability and eco-friendliness. The attribute “Sustainability” describes how eco-friendly a particular technology 
is in terms of use less virgin material, less energy, cause less pollution and less waste without compromising on the 
project’s economic viability and the comfort, safety and other requirements of its occupants. Choice of methods and 
materials greatly affect the workmanship quality and thus the ultimately the finish quality of construction. So while 
evaluating the technologies of construction, one shall take into account the desired quality of finishes also. “Finish 
Quality” includes bulging and waving of surfaces, hollowness, surface cracking, thick plastering requirements etc. 
Broadly the different aspects of “Finish Quality” are classified into external and internal finish quality.
4. Evaluation of Emerging Housing Technologies on Mandatory Attributes
As described earlier also it is crucial for all emerging housing construction technologies to pass on each attribute 
enlisted under “Mandatory Attribute” category. The acceptance criteria for the mandatory attributes were decided by 
the Technical Advisory Group” established for the purpose of this research and based on the Indian Standards and 
statutory regulations. 
5. Evaluation of Emerging Housing Technologies on Preferred & Desired Attributes
For the technologies which deem to be acceptable after evaluating through the “Mandatory Attributes”, 
“Preferred and Desired Attributes” are used for determining a general recommendation level for the implementation 
of the technology in India for construction of affordable and mass housings. The recommendation level for 
implementation of a particular technology was determined with the help of an index, referred as “Technology 
Preference Index” (TPI), and calculated as per equation (1). The recommendation level for different ranges of TPI in 
given in Table 2. 
ܶܲܫ =  σ ௜ܹ௡௜ୀଵ × ܲܫ௜ (1)
Where, Wi is the relative priority of the ith secondary attribute; n is the number of secondary attributes; PIi is the 
“Performance Index” of a housing on ith secondary attribute and calculated as per equation (2).
PI= σ Kjmj=1 ×Fj (2)
Where Ki is the relative priority of the jth tertiary attribute under ith secondary attribute; m is the number of 
tertiary attributes enlisted under ith secondary attribute. Fj is a “score” out of 100 given to the housing technology 
when evaluated on the jth tertiary attribute.
Ascertaining the relative priorities of the several enlisted “Preferred and Desired Attributes” was a prime 
requirement for determining the indices. The relative priorities are mainly decided based on the responses obtained 
from the experts of the Technical Advisory Group (TAG) established for the purpose of this research. There were 
many methods for the computation of relative priorities that should be given to the secondary and tertiary attributes.
The experts could be asked to rank the various attributes directly on a scale of 0-10 or 0-100; the experts could be 
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asked to provide their responses on a specific scale such as Likert scale and the weights could be determined based 
on their responses; or the experts could be asked to provide their responses on the pairwise comparison of various 
attributes, as in the case of Analytical Hierarchy Process or AHP [8].
Table 2: Recommendation Level for Different Ranges of TPI
TPI Range Recommendation
<30 Not recommended
30-50 poorly recommended
50-70 Recommended
70-90 Highly Recommended
>90 Strongly Recommended
For this research work AHP has been used for determining the relative weights of several secondary and tertiary 
level attributes. The AHP decision matrix for evaluation of housing technologies on “Preferred & Desired 
Attributes” along with the calculated relative weightage for each secondary and tertiary level attribute is shown in 
Table 3.
Table 3: AHP Decision Matrix for evaluation of Emerging Housing Technologies on "Preferred & Desired Attributes"
Primary 
Attribute
Functional 
Requireme
nt
11
%
Constructabili
ty
12
%
Economic 
Viability
41
%
Maintenan
ce 9%
Sustainabili
ty
23
%
Finish 
Quality 3%
Secondar
y
Attribute
Design 
Flexibility 2%
Simplicity in 
Execution & 
Versatility
6% Initial Cost 20%
Maintenan
ce Cost 
59
%
Eco-
friendliness
83
%
Interna
l Finish 
Quality
17
%
Tertiary 
Attribute
s
Restriction 
on Number 
of Floors
4% Design Compatibility 7%
Speed of 
Constructi
on
14
%
Frequency 
of 
Maintenan
ce
20
%
Embodied 
Energy
17
%
Extern
al 
Finish 
Quality
83
%
Service 
Life/ 
Durability
21
%
Foundation 
Type 7%
Economies 
of Scale 9%
Ease of 
Maintenan
ce
14
%
Thermal 
Comfort 6%
Skilled 
Labour
40
% Lead Time 6%
Type of 
Maintenan
ce
6%
Acoustic 
Performan
ce
5% Equipment 18%
Efficiency 
of Design 3%
End User 
Friendlines
s
36
%
Temporary 
Services 
Required
2%
Supply 
Chain 
Reliability
31
%
Weather 
Resistance 9%
Construction 
Safety
20
%
Technolog
y Transfer 
Possibility
17
%
Water 
Tightness
17
%
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6. Case Study 1: Evaluation of Monolithic concrete construction system using aluminum formwork system
Aluminum formwork system is used in place of conventional system by ensuring that all the components of the 
building are cast monolithically using required grade of concrete.  This system of construction is evaluated for a 
housing project in Mumbai which consists of 2 basements + 18 floors. This system cleared the mandatory attributes 
criteria and further evaluated for preferred and desired attributes listed in Table 4. Based on the scores obtained as 
shown in Table 4,decision matrix as shown in Table 3 and equation (1) and (2) the TPI (Technology Preference 
Index) calculated for this system was found to be 81 which implies that this system can be adapted in place of 
conventional system for the examined project.
Table 4: Evaluation of Aluminum formwork System based on "Preferred & Desired Attributes"
Secondary 
Attribute
Functional 
Requirement 80 Constructability 81
Economic 
Viability 90 Maintenance 80 Sustainability 67
Finish 
Quality 90
Tertiary 
Attributes
Design 
Flexibility 70
Simplicity in 
Execution & 
Versatility
90 Initial Cost 95 Maintenance Cost 80
Eco-
friendliness 70
Internal 
Finish 
Quality
90
Restriction 
on Number 
of Floors
90 Design Compatibility 80
Speed of 
Construction 95
Frequency of 
Maintenance 80
Embodied 
Energy 50
External 
Finish 
Quality
90
Service 
Life/ 
Durability
80 Foundation Type 80
Economies 
of Scale 80
Ease of 
Maintenance 80
Thermal 
Comfort 70 Skilled Labour 90 Lead Time 80
Type of 
Maintenance 80
Acoustic 
Performance 70 Equipment 60
Efficiency 
of Design 70
End User 
Friendliness 80
Temporary 
Services 
Required
80
Supply 
Chain 
Reliability
90
Weather 
Resistance 70
Construction 
Safety 80
Technology 
Transfer 
Possibility
90
Water 
Tightness 90
7. Case Study 2: Evaluation of Glass Fibre Reinforced Gypsum (GFRG) Panel Building System
Glass fiber reinforced gypsum (GFRG) panel more popularly known as Rapid-wall is a building panel made up 
of calcined gypsum plaster and reinforced with glass fiber. It is an integrated composite building system which uses 
factory made prefab load bearing cage panels and monolithic cast in situ reinforced concrete in filled for walling and 
roof or floor slab. This system is particularly suitable for construction of low to medium rise buildings up to ten 
story heights. GFRG building system was originally developed in Australia and it has been used in Australia for the 
construction of mass housings since 1990s. However presently these panels are being produced in India in semi-
automatic plant setups.
While evaluated on the “Mandatory Attributes” it was found that this system satisfactorily passes on each of the 
identified attribute which implies that the system can be used in India for housing construction. However in order to 
determine the efficacy of this system for the construction of mass affordable housing, this system was to be further 
evaluated on the developed evaluation framework for “Preferred and Desired Attributes”. The scores obtained by the 
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system on various “Preferred & Desired Attributes” is enlisted in Table 5. Based on the decision matrix as shown in 
Table 3 and equation (1) and (2) the TPI (Technology Preference Index) calculated for GFRG system was found to 
be 70 which implies that for construction of affordable and mass housing in India, GFRG panel or Rapid-wall 
system is highly recommended.
Table 5: Evaluation of GFRG Panel System based on "Preferred & Desired Attributes"
Secondary 
Attribute
Functional 
Requirement 75 Constructability 70
Economic 
Viability 79 Maintenance 55 Sustainability 67
Finish 
Quality 75
Tertiary 
Attributes
Design 
Flexibility 60
Simplicity in 
Execution & 
Versatility
50 Initial Cost 90 Maintenance Cost 55
Eco-
friendliness 70
Internal 
Finish 
Quality
75
Restriction 
on Number 
of Floors
60 Design Compatibility 60
Speed of 
Construction 90
Frequency of 
Maintenance 50
Embodied 
Energy 50
External 
Finish 
Quality
75
Service 
Life/ 
Durability
70 Foundation Type 60
Economies 
of Scale 80
Ease of 
Maintenance 60
Thermal 
Comfort 50 Skilled Labour 80 Lead Time 70
Type of 
Maintenance 60
Acoustic 
Performance 70 Equipment 65
Efficiency 
of Design 70
End User 
Friendliness 80
Temporary 
Services 
Required
70
Supply 
Chain 
Reliability
80
Weather 
Resistance 70
Construction 
Safety 65
Technology 
Transfer 
Possibility
60
Water 
Tightness 90
8. Conclusion
The research identifies an efficient and yet “easy-to- implement” set of attributes which will also serve as a 
Decision Support System (DSS) for the emerging technologies in affordable housing construction. Thus, this set of 
identified and defined attributes will aid the Indian Real Estate developers to select the most appropriate method of 
residential building construction from the perspective of affordability and sustainability. However the attributes 
defined in this report and the evaluation framework doesn’t work as a pro-technology-provider. The evaluation 
framework developed shall be implemented after conducting performance appraisal certification followed by proof 
of concept.  And also the recommendation obtained through the developed evaluation framework is only a generic 
recommendation regarding the compatibility of a particular housing system for construction of low-cost mass 
housings in India. Final recommendation for adopting any emerging technology shall be ensured only after 
performing an onsite evaluation in addition to the report generated from the multi attribute analysis.
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